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ABSTRACT 
The importance of marine zooplankton as integral 
component of marine food webs and the role that these 
organisms play in marine food production and transfer of 
pollutants to the higher trophic levels have been well docu-
mented. It has recently been realized that pollutants such 
as. hydrocarbons, crude ·oil, heavy metals, pesticides, heated 
waste water and a wide range of organic and inorganic 
substances are harmful to the marine ecosystem. The presence 
of even very minute quantities of many of these pollutants 
may become harmful either due to their direct effect on 
zooplankton or indirectly due to the transfer of the pollutants 
to other trophic levels through zooplankton. The recent 
trend in marine pollution studies is therefore to find out 
the effects of very minute quantities of these pollutants 
on marine zooplankton and the methods of their accumulation 
and transfer to the organisms of higher trophic lev~l including 
man. Bioassay studies to asses the effect of marine pollution 
have been carried out only with a few zooplankters such 
as copepods like Acartia, Ca lanus, Euryte mora, 
Temora, Oithona, Centropages, Trigriopus and Eu-
chaeta, mysids like· Mesopodopsis and Mysidopsis, luci-
fer shrimp Lucifer fa:ioni and larvae of shrimps, lobsters 
and crabs in the static or in the continuous flow system. 
The field studies on live marine zooplankton include controlled 
ecosystem experiments. A review of laboratory and field 
studies concerning the effects of pollutants such as hydro-
carbons, crude oil, heavy metals, pesticides and heated 
waste water on the survival, breeding, movement, faecal 
pellet production, growth and development on marine zoo-
plankton is presented. 
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INTRODUCTION 
In the sea, the principal relationship between different 
organisms is connected with nutrition and this has resulted in 
various food chains and food webs between producers and con-
sumers. According to a recent estimate, the amount of organic 
carbon fixed annually by the primary producers, the phytoplankton 
through photosynthesis in the world oceans is 1.9 - 2.3 x 10 10 tons 
(Alverson, 1975). In the oceans, the amount of primary consumers, 
the zooplankton that might be produceo from fixed carbon is 
also enormous. According to alverson (1975) the amount of first 
stage carni vors may exceed 1.9 - 2.3 x 10 9 metric tons per 
year. In the entire Indian Ocean up to latitude 40°S, the total 
zooplankton biomass production has been found to be about 
8 5.19 x 10 tons per year (Prasad et aZ • .,1970). Several thousands of 
species of marine animals feed on plankton either at some stage 
in their lifecycle or throughout life. Therefore, the importance 
of plankton in the transfer of energy to the higher trophic levels 
through various food chains cannot be underestimated. It is 
becaus.e of this integrated relationship between zooplankton 
and animals of higher trophic levels, it has now been realised 
by the scientists all over the world that large amounts of various 
pollutants in the sea are accumulated and transferred to the 
animals of different trophic levels including man through zoo-
plankton. 
With the advancement of industrial and oil technology , 
large amount of various pollutants such as hydrocarbons, crude 
oil, heavy metals, pesticides, heated waste water and a wide 
range of organic and inorganic substances will be constantly 
released in the sea. Since long it was believed that many of 
these pollutants are harmful to marine animals only if released 
in large quantities into the sea. But recent studies have shown 
that even with the release of very small quantities, there are 
possibilities of long-term build up of persistant compounds and 
uptake of these compounds by phytoplankton and zooplankton, 
thus providing an entry into the marine food chains. Mureover, 
the pollutants as little as a few parts per million or even less 
have been found to be either lethal or sub-lethal to the millions 
of marine zooplankton. The sub-lethal concentrations interfere 
v.1ith various metabolic activities such as respiration, feeding, 
reproduction and growth. 
Unfortunately, the investigations on the effects of vanous 
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pollutants have so far been carried out only on the adult fish 
and other large animals. The determination of the fate of a 
potentially hazardous substance introduced in the environment 
is a precursor of any meaningful attempt to establish effective 
standard for regulatory purposes (Cairns, 1980). We should there-
fore consider the pathways of these pollutants and damage to 
millions of more delicate larvae, juveniles and other plank tonic 
organisms. Damage to these organisms may neither show up 
immediately nor manifest at the place of discharge. If a pollutant 
is primarily connected with bottom sediments, the toxic tests 
should involve benthic organisms. On the other hand, the toxicity 
tests for a pollutant associated with water column should involve 
planktonic organisms, BLJt the tests for most of the pollutants 
are performed on various fishes, crabs and other large animals 
because of their easy a va ilabili ty and lab ora tory maintenance. 
Some of these animals on which tests are carried out may not 
occur any time ih the environment polluted with the same sub-
stance. Thus, the organisms likely to be exposed to a· pollutant 
are often not those for which toxicity-tests information is avail-
able. 
The purpose of this paper is to discuss ( 1) the recent esti-
mates of pollution of various seas (2) the effects of the pollutants 
like hydrocarbons, crude oil, heavy metals, pes tic ides and he a ted 
waste water on marine zooplankton and (3) some of the recent 
bioassay stuides with zooplankton. 
CRUDE OIL AND HYDROCARBONS 
High levels of crude oil or total hydrocarbons have .been 
indentified at the areas of offshore drilling activities or along 
the tanker routes (Table 1). It is believed that very large amounts 
TABLE 1. LEVELS OF HYDROCARBONS IN DIFFERENT SEAS 
Type of hydrocarbon Locality Concentration Reference 
Petroleum hydrocarbons Arabian Sea 0-1000 j..lg/1 Qasim and Sen Gupta, 
Bay of Bengal 1980. 
Crude Oil Adriatic Sea 1.40-10.98 mg/1 Corner, 1978. 
Total Hydrocarbons North Sea 17-625 jJ g/1 Offenheiner et a1,1977. 
Total Hydrocarbons Sargasso Sea 239-559 jJg/1 Wade and Quirn, 1975 
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of oils are lost due to spills, fires and sinking of ships. The 
petroleum hydrocarbons also enter the sea from coastal refineries 
and aloqg with the. industrial waste, municipal waste and river 
runoff. The sea around India is also polluted mainly due to trans-
port of oil from Gulf countries across the Arabian sea and Bay 
of Bengal. It has been observed that petroleum hydrocarbons 
in the surface waters range from 0 - 1000 g/1 (Qasim and 
Sengupta, 1980). However, the values of dissolved petroleum 
hydrocarbons have been found to vary considerably in the Arabian 
sea and the bay of Bengal. 
Heavy metals : Metals occur in seawater either in solution 
or in particulate form. According to Stumn and Brauner ( 1975), 
the particulate form results from ( 1) prec ipi ta tion of some in-
soluble compound of the element such as chromium hydroxide 
or lead carbonate and (2) adsorption of any metal ions on to 
some other particulate material such as clay minerals and organic 
detritus in seawater. All the heavy metals are relatively poisonous 
to the microscopic as well as macroscopic animals. However, 
mercury is considered as the most poisonous material. Data 
on the mercury concentration on the surface waters in different 
oceans has been presented in Table 2. The highest level of heavy 
TABLE 2 : LEVELS OF MERCURY IN DIFFERENT SEAS 
Locality 
Concentration 
Reference (in dissolved form) 
Indian Ocean 0.5 - t27 ng/ 1' Chester et al. 1973. 
Bay of Bengal 13 - 187 ng/1 Singbal et al. 1978. 
Atlantic Ocean 0.5 ·- 22 ng/1 Chester et at. 1973. 
Pacific Ocean 12 - 15 ng/1 · Gardner and Riley, 1975. 
metals such as copper, zinc,. cobalt and nickel in dissolved state, 
on the surfa~e and an deeper waters of the Arabian Sea measured 
in \J g/1 has. been foond to be Cu, 19 .. 9 and 15 .. 7; Zn, 42.4 and 
11.2; Co,5 and. 2; and Ni, 16.3 and 5.6. In the Bay of Bengal, 
the highest level of these metals on the surface and deeper 
waters measured in \Jg/1 are Cu, 6.8 and 9.5; Zn, 15.3 and 20; 
· Co~ 0 and 7 .. 9; and Ni, 12.2 and 11.2 (Qasim and Sengupta, 1980). 
Otltef> pollutants :Severat industrial and agricultural pollutants 
are discharged in large amount into the oceans annually. It 
has been estimated that airborne lead, polychlorinated biphenols 
(PCBs) and various pesticides are discharged in . thousands of 
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metric tons annually. 
Thermal pollution mostly oc~urs due to discharge of war.m 
cooling waters from electrical and nuclear power plants. It 
is known that even in the most efficient nuclear power plants 
only about 40% of the heat produced by the reactor is actually 
used for generating current. The remaining heat mostly ends 
up in the cooling water which is discharged into the coastal 
waters, estuaries and other water bodies. The temperature in 
the vicinity of the power plant may rise to even 14°C or more. 
It is expected that increasing urbanization and more extensive 
settlement near the cqastal regions will increase the problem 
of thermal polluUon to a greater extent. 
EFFECTS OF POLLUTANTS ON MARINE ZOOPLANKTON AND 
RECENT BIOASSAY STUDIES 
The pollutants enter into the body of the zoopfankton and 
accumulate, mainly in three ways: ( 1) from phytoplankton diets, 
(2) from assimilation of particulate diets and (3) by direct uptake 
from solution in seawater. A number of long-chain hydrocarbons 
Cc 22 - c 33) have been detected in varfous organs of different 
zooplankters. These hydrocarbons are exogenous in origin and 
are found in crude oils. Corner ( 1978) has reported the presence 
. of carsinogen benzo (a) pyrene (BP) in large amounts upto 400 
ug/kg ·dry w·eight in mixed plankton from areas prone to poilution. 
Levels of various hydrocarbons in mixed plankton and in copepods 
and arrow worms are given in Table 3. 
TABLE 3 : LEVELS OF HYDROCARBONS IN MARINE ZOOPLANKTON 
Species Hydrocarbon levels Reference 
Mixed plankton Benzo (a) pyrene (BP) Corner, 1978. 
Upto 400lJg/Kg dry weight 
Mixed plankton Hydrocarbon Fondekar, et al, 1980. 
19.5lJg -85.3lJg/g 
Calanus finmarchicus Pristane Corner, 1978. 
(Copepod) 0.46 - 0.68% dry weight 
Sagitta elegans Pristane Corner, 1978. 
(Arrow worm) 0.02% dry weight 
Field observations in areas prone to poJlution have shown 
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that the levels of mercury, cadmium, nickel and lead are quite 
high in zooplankton. The mercury level as high as 5.3 ppm, 
in zooplankton has been observed in the New York Bight (Davies, 
1978). Zooplankton of Sorfjord, Norway have been found to contain 
mercury upto 25 ppm dry weight (Skei et al~ 1976). It is interesting 
to note that the mercury level in zooplankton collected off 
Minima ta, Japan · vyas ·found to be in the range of 0.14 - 2.6 ppm 
(Hirota et al, 1974). 
The maximum concentration of heavy, metals measured 
in ppm dry weight in zooplankton occurtrig· in the Arabian sea 
and the Bay of Bengal has been reported to be Cu, 232 and 
228; Zn, 22494 and 1701; Co, 783 and 32; and Ni, 17 81, respect-
ively (Kureishy and George, 1977; George and Kureishy, 1979). 
These studies therefore indicate that the average concentration 
of heavy metals in marine zooplankton is higher in the Arabian 
se,a than in the Bay of Bengal. According to Qasim and Sengupta 
( 1980), the higher values in the Arabian sea are probably due 
to a greater availability of metals in diluted form. 
It is therefore very clear that various zooplankters can 
accumulate different pollutants from the sea in various ways, 
even if the pollutants occur in small quantities in the environment. 
A recent trend in marine pollution studies is therefore to find 
out the effects of these pollutants on zooplankton and the methods 
of their transft;r to the marine animals ot higher trophic levels. 
this information can be obtained either by field studies or 
lab ora tory experiments. 
Studies with live marine zooplankton with reference to 
pollution are still sparse. So far, only a few nearshore and estua-
rine copepods such as Acartia, Centropages, Temora, Eurytemora, 
Euchaeta, Eucalanus, Pseudiaptomus, Paracalanus, Oithona and 
Tigriopus have been used to study the effects of different pollu-
tants (Bhattacharya and Kewalramani, 19'73, 1976; Bhattacharya, 
1981, 1984; Kontogiannis and Barmet, 1973; D' Aostine and Finney, 
1974; Spooner and Corkett, 1974; Barmet and Kontogiannis, 
1975; Berdugo et al•, 1977; Ott et alr 1978; and Corner, 1980). The 
mysid shrimp. Mesopodopsis orientalis in India and Mysidopsis bahia 
and M. bigelowi in USA have been used for pollution studies 
(Bhattacharya and Kewalramani, 1973; Bhattacharya, 1982; Nimmo 
et al~ 1977, 1978, 1981; Nimmo and Hamekar, 1982; Gentile 
et al~ 1982). The bilogical effects of fuel oil on Lucifer have been 
observed by Lee et al, (1978). 
The effects of . various pollutants on zooplankton have been 
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studied either in the laboratory or in the fielde In the laboratory, 
the experiments have been carried out either in a static or 
a continuous flow system. The procedures have also been ... 
designed for short term bioassay study or for the entire life 
cycle toxicity test. Another recent concept is to carry out control-
led ecosystem experimentso In such experiments, the enclosures 
containing whole ecosystem set-up in inshore areas are subjected 
to natural light and temperature. In some of these enclosures, 
known concentrations of pollutants such as crude oil, heavy 
metals etc. are added while others serve as controls 
It is important to consider the effects of hydrocarbons 
on phytoplankton, zooplankton and the entire food chain. So 
far, only a few studies have been made on zooplankton. Crude 
oil of different concentrations has been found to be lethal to 
many zooplankters such as copepods like Acartia, Centropages 
and their larvae. The effects also vary according to the type 
of crude oil. It has been observed that 0.1 ml- 1 of certain crude 
oil killed the copepods like Acartia.and Oithona within 24 hours 
(Corner, 1978). The eff~c ts of various hydrocarbons and crude 
oils on mixed zooplankton, copepods, and the eggs and larvae 
of certain crabs, lobsters and fishes have been given in Table 
4. The results indicate that these hydrocarbons and crude oil 
are not only letal but when present in low concentration they 
interfere with feeding rates; respiration, power of locomotion 
a.nd development. 
Experiments with Mesopodopsis orientalis have shown that 
crude oil as low as 0.003 ml- 1 concentration is highly toxic' 
to the animals, killing all the animals within 24 hours (Bhatta-
c;harya, 1986). In experiments with the hydrocarbons, a concentra-
-1 tion of 0.062 ml of toluene and benzene were found lethal 
to the adults as well as juveniles (Bhattacharya, 1986). Anderson 
et al.( 197"4) studied the toxic effects of crude and refined oil 
on estuarine zoopl-ankton (1able 5). Lee et aL.(1978) observed that 
in. case of Lucifer faxoni, the critical level of toxicity of freshly 
prepared WSF of No.2 fuel oil was 0.2 ppm so far as survival 
and feeding is concerned. Lee and Nicol ( 1977) also observed 
that the coastal zooplankton are more resistant to the WSF 
No.2 fuel oil than the oceanic zooplankton. 
All heavy metals are reft:ltively poisonous to various zoo-
plankton and they affect the life of these animals in different 
ways (Table 6). The heavy metals soch as mercury, cadmium, 
nickel, zinc and lead have been found to -be lethal to different 
zooplankton at a very low concentration (Gentile et oij198~Nimmo 
TABLE 4 : EFFECTS OF HYDROCARBONS AND CRUDE OIL ON MARINE ZOOPLANKTON 
Pollutant 
Naphthalene 
2,3,5- Trimethyl 
naphthalene 
Naphthalene 
South louisiana 
Crude oil 
Venezuela crude 
oil 
louisiana Crude 
Kuwait crude 
Venezuela crude 
Concentration of 
pollutant 
1.04 mg/1 
0.316 mg/1 
O.OOB-0.012 mg/1 
lmg/1 
O.B6mg/1 
220 mg/1 
250 mg/1 
1oo mg/1 
WSF No.2 Fuel Oil All except 50~.; oil 
stock 
WSF No.2 Fuel oil 20% 
Zooplankton 
Eurytemora affinis 
(copepod) 
Eurytemors aff in is 
Larvae Df Cancer 
magister (crab) 
larvae of Homarus 
americanus (lobster) 
First stage larvae of 
Homarus americanus 
Larvae of Cancer 
productus (Craq) 
Larvae of Cancer 
productus. 
Eggs and larvae of 
Clupea harangus 
membras (Fish). 
Mixed coastal zoo-
plankton 
Mixed oceanic zoo-
. plankton 
Effect 
Feeding completely Inhibited 
in 24 hr. 
24hr LC 50 
1om.; mortality in 24-36 hr. 
High mortality, less feeding 
activity 
96 hr LC 50 
96 hr LC 50 
96 hr LC 50 
Halformed larvae 
50?ti mortality in 24 hr. 
50?ti mortality in 22.5 hr. 
Reference 
Berdugo et al, 1977. 
Ott et al, 1978. 
Sanborn and Mali 1977.· 
Porns, 1977. 
Wells and Sprague 1976o 
Porns, 1977. 
Vaghan, 1973. 
Linden, 1976. 
Lee and Nicol, 1977. 
lee and Nicol, 1977. 
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TABLE 5 : EFFECfS OF HYDROCARBONS AND CRUDE OIL ON THE MY SID SHRJMP 
Pollutant Concentration of Species of mysid shrimp Effect Referlmces ~ pollutant 
1-0 
z: 
m 
Benzene 0.062 ml/1 Mesopodopsis orientalis 24 hr LC 50 Bhattacharya, 1986. ~ 
r-
c: 
0.062 ml/1 
~ 
Toluene Mesopodopsis orientalis 24 hr LC 50 Bhattacharya, 1986. 1-0 ~ 
Bombay High Crude 0.003 ml/1 Mesopodopsis orientalls 24 hr LC 50 Bhattacharya, 1986. ~ 
N 
No.2 fuel oil WSf 0.9 ppm Mysidopsis almyra sm.; mortality In Anderson et al, 1974. ~ 
48 hrs. r-i 
Banker C Residual 0.9 ppm Mysidopsis almyra 50~ mortality In Anderson et al,1974. i 
wsr 
""" 
... 
VI 
TABLE 6 : EFfECTS OF HEAVY METALS ON THE MYSID SHRIMP 
~ 
---
-0> 
Pollt.~hi\nt Concentr atlon Temperature Zooplankton Effect Reference 
of pollutant and salinity 
Ca~mlum 100 l.l g/1 21°C, 30% Mysidopsis bigelowi 96 hr LC 50 Gentile et el, 1982. 
CadmiUfTI 110 )Jg/1 21°C, 30% Mysidopsis bahia 96 hr LC 50 Gentile et al, 1982, 
Cadmium 15.5 ).lg/1 25-28°C Mysidopsis bahia 96 hr LC 50 Nimmo et al,. 1987, 78. 
1 0-17~~ 
Cadmi.um· 10 pg/1 21°C, 30~~ Mysidopsis begelowi and No development of brood Gentile et al, 1982. 
M. bahia pouch m 
~ 
-1 
MefC!,JrY 3.5 ).lg/1 20°C, 30~~ Mysiqopsis bahia 96 hr LC 50 Gentile et al, 1982'. -1 > ~ MEi!rcury 1.65 l.l g/1 20°C, 30~~ Mysidopsis bahia Delay in sexual maturity Gentile et 11, 1982. 
-< 
decrease in production > 
of juveniles 
Nickel 508 )Jg/1 20°C, 30% Mysidopsis bahia 96 hr LC 50 Gentile et al, 1980. 
Nickel 1.41 ]Jg/1 20°C~ 3m~ Mysidopsis bahia Delay in sexual mat~rity Gentile et al, 1982. 
Decrease in production 
of juveniles 
Zinc 498 ]J g/1 20°C, 30~~ Mysidopsis bahia 96 hr LC ?D Gentile et al, 1982. 
leljld 2960 )Jg/1 20°C, 30~~ Mysidopsis bahia 96 lir LC 50 Gentile et al, 1982. 
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et al; 1977, 1978). The heavy metals also reduce respiration, 
feeding, growth, development, sexual maturity and may also 
be responsible for morphological aberrations (Gentile et al1 
1982). Reeve et al~ ( 1977) have observed that mercury is more. 
toxic than copper in certain zooplankton. The egg production 
in copepods is reduced and may be practically stopped in high 
concentration of copper and mercury. In a copepod, Acartia ton.sa 
the ·egg production was completely stopped at 50 ]lg/1 con-
centration of copper (Reeve et aZ-;1976).. · 
According to Reeve et aL,( 1976) the rate of feeding can easily 
be determined by observing faecal pellet production rate if 
the zooplankton are provided with standerdised food supply. 
They observe that there was areduction of about 40% in the 
rate of faecal pellet production by the copepod Calanu.s plumphchru.s 
wheri exposed to 5 llg/1 of copper for 14 days. However, the 
same reduction in faecal pellet production was obtained only 
in four days in another copepod, Metridia pacifica. 
Zooplankton of coastal waters and estuaries are subject 
to severe stresses such as pesticidal and biocidal stresses due 
to the increased demand for pesticides and coastal power plants. 
However, only a few studies have been carried out on the toxic 
effects of these pollutants on marine zooplankton. Many important 
pesticides such as dimlin (benzoylphenyl urea)·, phorate (organo-
phosphate) and methyl parathion (organophosphate) have been 
found to cause death of the mysid shrimp Mysidopsis bahia within 
96 hours at a concentration of 1.97 ll g/1 antt 0.77 ug/1, respective-
ly (Nimmo et al~ 1981). A concentration of 0.39 iJg -1 of kepone 
(chlorinated hydrocarbon) was found to be responsible for th~ 
drastic reduction in the production of young ones in M. bahia (Nim-
.mo and Hamekar, 1982). Effects of some i~p·ortant pesticides 
of marine and estuarine zooplankton are given in Table 7. 
The conceni:ra tion of chlorine in discharged cooling waters 
usually ranges between _ 0.05-1.00 mg/1 total residual chlorine 
(Beauchamp, 1969; Brungs, 1977. It has been demonstrated by 
Roberts et al; (1975), Capuzzo et al.(1976) and Capuzzo (1979) 
that concentrations of ·chlorine in this range are toxic to several 
species of marine zooplankton .. 
A slight rise in the temperature due to heated waste water 
in coastal waters and estuaries may affect the zooplankton 
in different ways and may even kill them particularly in tropical 
waters since these animals live very rtear their upper temperature 
tolerance limits. It is been observed by Bhattacharya ( 1972) 
that the lethal temperature (24 hr Lc50) of various zooplankton 
TABLE 7 : EFFECTS OF PESTICIDES ON MARINE ZOOPlANKTON 
~ 
.... 
CD 
Pollutant Concentration Zooplankton Effect Reference 
of pollutant 
Dimilin (Diflubenzuron) 2.06 -g/1 Mysitlopsis bahia ( Mysid shrimp 96 hr lC 50 Nimmo et al, 1980.. 
-Benzoylphenyl urea -Juvenile 
Methyl Parathion 0.77 g/1 Mysidopsis bahia - Juvenile 96 hr lC 50 Nimmo and Hamaker, 
-Organophosphate 1982. 
Phorate ( Thimat) 0.33 g/1 Mysidopsis bahia - Juvenile 96 hr lC 50 Nimmo and Hamaker, 
-Organophosphate 1982. 
m 
Kepone - Chlorinated 0.072 g/1 Mysidopsis bahia - Female 6~~ less growth Nimmo and Hamaker, ~ 
-1 
hydrocarbon 1982. -1 ~ Kepone - Chlorinated 0.39 g/1 Mysidopsis bahia - Female About 50% less Nimmo and Hamaker, 
-< 
production of young 1982. > hydrocarl:ion 
Endrin - Chlorinated 1.2 g/1 larvae of Palaemonetes 96 hr lC 50 Tyler-Shreedar, 1979. 
hydrocarbon pugio (Grass shrimp) 
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TABLE 8: UPPER LETHAL TEMPERATURE OF VARIOUS 
ZOOPLANKTON OF BOMBAY COASTAL WATERS 
AT 35% SALINITY 
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Name of zooplankton Lethal Temperature 
HYDROMEDUSAE 
Liriope tetraphylla 
Podocoryne ocella ta 
CTENOPHORES 
Pleurobrachia globosa 
Beroe cucumis 
COPEPODS 
Euchaeta wolfendini 
Eucalanus subcrassus 
Acartia spinicauda 
Pseudodiaptomus ardjuna 
Tortanus barbatus 
MY SID 
Mesopodopsis orientalis 
DECAPODS 
Lucifer faxoni 
Acetes indicus 
Penaeus indicus (post-larvae) 
34°C 
33°C 
35°C 
35°C 
34°C 
of Bombay coastal waters lies between 33° and 36°C(Table 8)o 
It is interesting to note that the temperature of Bombay coastal 
waters usually varies between 22° and 32°C. It is also known 
that increasing water temperature affects respiration, heart 
beat, reproduction, development and various other physiological 
processes of marine zooplankton. 
DISCUSSION 
ln the early years of planktology, the ·limited knowledge 
on the subject allowed only quantitative and qualitative studies 
on these organisms. As planktology evol'fed, man's interest in 
marine zooplankton increased manifold. The importance of .marine 
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zooplankton as integral component of marine food webs and 
its close relation to fisher5' production was gradually revealed 
~Russel et al; 1971).· It was also realised that because of the 
maximum production of plankton, the coastal areas are the 
main source of marine food production. According to Ryther 
( 1969), the open sea is a biological desert, which produces a 
negligible fraction of the fish catch and has little future potential 
The coastal water produced almost the entire shell fish crop 
and nearly half the total fish crop. However, with the advance-
ment of industrial and oil technology, large amount of various 
pollutants are constantly released into the coastal waters and 
estuaries with little regard for the marine environment. According 
to Blumer ( 1972), "Oil pollution is only one of many unrelated 
causes which contribute to the deteriorationof the environment." 
The seas have become a dumping ground for waste products 
cqnsidering that the nature can absorb any amount of pollutant. 
But this has been proved to be not true. The fact is "that na ~ure 
has a tremendous capacity to recover from the abuses of pollu-
tion, so long as the rate of addition does not exceed the rate 
of recovery of the environment. When this limit is exceeded, 
however, the deterioration of the environment is rapid and some-
times irreversible" (see Blumer, 1972). 
To understand the long and short term effects of various 
pollutants on the marine ecosystem, much more investigations 
are needed concerning marine zooplankton. It is necessary to 
analyse various toxic substances and find out their effects on 
both phytoplankton and ·zooplankton in order to asses the ex tent 
to which the primary and secondary production in the sea will 
be affected. It is atso essential' to find out the concentration 
of these compounds at various trophic levels including fish and 
the pathways of the toxic compounds. 
The levels of various pollutants in different areas of the 
oceans prone to pollution are quite alarming. According to Corner 
( 1978)', the amounts pf crude oil found in the Adria tic sea ( 1.40-
10.98 mg/1) would affect species of zooplankton including the 
larval stages of certain fish and that the maximal levels. of 
total hydrocarbons reported from the North sea (625 lJg-1), 
the Sargasso sea (559 llg/1) and Goteberg Harbour (710 l1 g/1) 
are sufficiently high to affect the zooplankton like clam larvae 
and adult . copepods. On the basis of these observations it- is 
very clear that the sea around us is also polluted and the zoo-
plankton can be equally affected. 
It ts very difficult to forecast hqw much and to what extent 
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the ocean life will be affected due to more inputs of various 
pollutants into the oceans. ft is therefore necessary to encourage 
bioassay studies using live marine zooplankton, if the effects 
of various pollutants on marine ecosystem is to be properly 
understood and before our marine ecosystem ts damaged to 
a point of no return. For the bioassy studies, the standardised 
methods for mass culture as well as continuous culture must 
be developed for marine zooplankton. It is true that the culture 
or even maintenance of most marine zooplankton in the laboratory 
is difficult. We should therefore try to extrapolate. the results 
from the small number of test species to a large number of 
species likely to be exposed in the field. According to Cairns 
( 1980), single-species toxtci ty tests often must be used to make 
estimates of response of threshold of communi ties. It is therefore 
suggested that the bioassay studies should be carried out for 
the determination of short-term lethality and then proceed with 
various increasingly sophisticated long-term tests to obtain a 
reasonable estimate of pollution risk. 
REFERENCES 
Alverson, O.L. 1975. Opportunities to increase food production 
from the worlds oceans. In: "OCEANOGRAPHY Contemporary 
readings in Ocean Sciences. (Ed). R. Gordon Pirie, Oxford Uni-
versity Press, New York. 194-201. 
Anderson, J.W., J.N. Neff., B.A. Cox., H.E. Tatem and G.H. 
Hightower. 197 4. Characteristics of dispersons and water 
soluble extracts of crude and refined oils and their toxicity, 
to estuarine crustaceans and fish. Mar. Bioi., 27: 75-88. 
Barnet, C.J. and J.E. Kontgiannisa 1975. The effect of crude 
oil fractions on the survival of a tidal copepod, Tigriopus cali-
fornicus, Environ. Pollut. 8: 4)-54. 
Beauchampm, R.S.A. 196-9. The use of chlorine in the cooling 
system of coastal power stations. Chesapeake Sci. 1 0~ 280. 
Berdugo, V ., R.P. Harris and S~C. O'Hare. 1971. The effects 
of petroleum hydrocarbons on reproduction of an estuarine 
planktonic copepod in laboratory culture. Mar. Pollut. Bull.,8 
(6)! 138-143. 
Bhattacharya, S.S. and H.G. Kewalramani. 1972. Salinity and 
temperature tolerance of the mysid: Mesopodopsis orientalis 
from the west coast of India. Journal of the Indian Fisheries 
322 BHATTACHARYA 
Association, 2( 16i)· : 60-b.~~ 
Bhattacharya, S.S. · and H.G. Kewalramani. 1973. Salinity and 
temperature tolerance of some marine planktonic copepods. 
Journal of the Indian Fisheries Association, Vol.3, 46-58. 
Bhattacharya, S.S. and H.G. Kewalramani. 1975. Salinity and 
temperature tolerance of hydr·omedusa, Podocoryne ocellata 
from Bombay coastal waters. J. Bioi. Sci., 18, 5-10. 
Bhattacharya, S.S. and H.G. Kewalramani. 1976. Salinity and 
temperature tolerance of Acartia spinicauda Indian J. Mar.Sci. 
5, 128-130. 
Bhattacharya, S.S. 1979. Salinity and temperature tolerance 
of the hydromedisa, Liriope. tetraphylla from Bombay coastal 
waters, Bull. Fisheries Faculty, India, 1. 15-20. 
Bhattacharya, S.S. 1981. Salinity and temperature tolerance 
of a copepod Pseudodiaptomus ardjuna from Bombay coastal 
waters. J. Mar. Bioi. Ass. India, 18, 658-662. 
Bhattacharya, S.S. 1982. Salinity and temperature tolerance 
of juvenile Mesopodopsis orienta lis, La bora tory studies. Paper 
presented to "1981 ASLO Mysid Symposium", ·University 
of Wiscosin, USA, June 1981. In: Ecology of Mysidasea. 
(Ed). Mark D. Morgan, Dr." Junk Publishers, The Hague, 
23-30, Hydrobiol., 93, 23-30. 
Bhattacharya, S.S. 1986. Individual and combined effects of 
salinity and temperature on the calanoid copepod, Paracalanus 
aculeatus Giesbrecht. Proceedings of the Second International 
Conference on Copepoda, Ottawa, Canada, 13-17. August 
1984. 220-228. 
Bhattacharya, S.S. 1986. Live zooplankton in marine pollution 
research. In: Environmental Biology; Coastal Ecosystem 
(Ed). RoC. Dalela, M.N. Madhyastha &. M. Joseph. 21-42. 
Blumer, M. 1972. Oil contamination and the living resources 
of the sea. In: Marine Pollution and Sea Life. (Ed). Mario 
Ruivo. FAD. Fishery News (Books) Ltd. England. 476-481. 
Brungs, W .A. 1973. Effects of residual chlorine on aqua tic life. 
J. Wa t. Pollut. Control Fed. 45. 2180-2193. 
Cairns, John Jr. 1980. Estimating Hazard. Bioscience. Feb. 101-
107. 
MARINE POLLUTION AND ZOOPLANKTON 323 
Capuzzo, J.M., Lawrence, S.A., and Davidson, J.A. 1976. Combined 
toxicity of free chlorine, chlorimine and temperature to 
stage I larvae of the American lobster Homarus americanus. 
Wat. Res. 10, 1093-1099. 
Capuzzo, J.M. 1979. The effect of temperature on the toxicity 
of chlorinated cooling waters to marine animals - apreliminary 
review. Mar. Pollut. Bull. 10, 45-47. 
Capuzzo, J.M. 1980. Input of power-plant discharges on marine 
zooplankton; A review of thermal, mechanical ana biocidal 
effects. Helgolander M Meeresunters 33, 422-433. 
Chester, R.D. Gardner, J.F. Riley and J.H. Stoner. 1973. Mercury 
in some surface waters of the world ocean. Mar. Pollut. 
Bull.4., 28-29. 
Corner, E.D.S. 1978. Pollution studies with marine pollution-
1. Petroleum hydrocarbons and related compounds. Adv. 
Mar. Biol.15, 289-380. 
Davies, A.G. 1978. Pollution studies with marine plankton. Part 
II. Heavy metals. Adv. Mar. Bioi. Vol.15, ·381-508. 
D'Agostino, A. and C.Finney. 1974. The effect of copper and 
cadmium on the development of Tigriopus japonicus. In: Pollu-
tion and Physiology of Marine organisms. Academic Press. 
445-563. 
F ondekar, S.P ., Topgi, R.S. and Noronha, R.J. 1980. Dissolved, 
absorbed and adsorbed petroleum hydrocarbons from the 
Central West Coast of India. Indian J. Mar. Sci. 9. 286. 
Forns, J.M. 1977. The effects of crude oil on larvae of lobster 
Homarus americanus. In "Proceedings of the 1977 oil spill 
conference (Prevention behaviour. Control, Cleanup) "held 
in New Orleans, Lousiana, March 8-10 ( A.P .1. Publication 
No.4284). 569-573. 
Gardner, D. and J.P. Riley. 1973. Mercury in the Atlantic around 
Iceland. J. Cons. Int. Explor. Mer. 35, 202-204. 
Gentile, J.H., S.M. Gentile, N.G. Haristone, Jr. and B.K. Sullivan. 
1982. The use of life tables for evaluation of the chronic 
toxicity of pollutants to Mysidopsis .bahia Hydrobiol. 93, 179-
187. 
BHATTACHARYA 
George, M.D. and T.W, Kurieshy. 1979. Trace metals in zoo-
plankton from Bay of B~ngal. Indian J. mar. Sc. 8, 190-192. 
Hirota, R., Fujikim M. and Tajima, S. 1974. Mercury contents 
of the plankton collected in Ariake - and Yassushiro-kai. 
Bulletin of the Japanese Society of Scientific Fisheries. 
40, 393-397. 
Kontogiannis, J.E. and C.J. Barnett. 1973. The effect of oil 
pollution of survival of the tidal pool copepod, Tigriopus cali-
fornicu.s. Environ. Pollut. 4, 69-79. 
Kureishy, T. W. and George, M.D. 1977. Trace metals in zoo-
plankton from the west coast of India. NIO Tech. Rep. 
02/77, 60-62. 
Lee, W. Y ., K. Winters and J.A.C. Nicol. 1978. The biological 
effects of the water-soluble fractions of a No.2 Fuel oil 
on the planktonic shrimp, Lucifer faxoni. Environ. Pollut. ·15, 
167-183. 
Lee, W. Y. and Nicol, J.A.C. 1977. The effects of wa ter-solu.ble 
fractions of No.2 Fuel Oil on the survival and behaviour 
of coastal and oceanic zooplankton. Environ. Pollut. 12, 
279-292. 
Linden, 0. 1976. The influence of crude oil and mixtures of 
crude oil dispersants on the ontogenic development of the 
Baltic Herring, Clupe.a harengus membras L. Ambia 5, 136-
140. 
Nimmo, D.R., L.H. Bahner, R.A. Rigby, J.N. Steppard and A.J. 
Wilson, Jr. 1977. Mysidopsis baha ia, an estuarine species 
sui table for the life cycle toxicity tests to determine the 
effects of a pollutant. In: Aqua tic .. Toxicology and Hazard 
evolution (Eds). F .L.Mayer and J.L. Hamelink, A.S.T. STP 
634, 102-106. 
Nimmo, D.R., T.L. Hamaker and C.A. Sommers. 1978a. Culturing 
the mysid ( Mysidopsis bahia) inflowing seawater on a static 
system. Bioassay procedures for the Ocean Disposal Permit 
Program. EPA 600/9-78-0101 59-60. 
Nimmo, D.R., R.A. Rigby, L.H. Bahner. 
1978b. The acute and chronic effects 
estuarine mysid, Mysidopsis bahia B u 11. 
Toxicnl., 19. 80-85. 
and J.M. Sheppard. 
of cadmium on the 
Envir. Contam. 
MARINE POLLUTION AND ZOOPLANKTON 325 
Nimmo, D.R., T.L. Hamaker, E. Mathews and J.C. Moore. 1981 
An overview of the acute and chronic effects of first anc 
second generations pesticides on an estuarine mysid. In: 
Biological Monitoring of Marine Pollutants. (Eds). F .J. Vern· 
berg, A. Calabrese, F .D. Thruberg and W .B. Vernberg. 3· 
19, Academic Press. 
Nimmo, D.R. and T.L. Hamaker. 1982. Mysids In toxicity testinc 
a review. Hydrobiol. 93, 171-178. 
Ott, F .S.R., P. Harris and S.C.M.O'Hare. 1978. Acute and sub-
lethal toxicity of naphthalene and three me thy fa ted deri va-
tives to an estuarine copepod, Eurytemora affinis. Environ. Pol 
Jut., 8, 45-54. 
Prasad, R.R., Banerji, S.K. and Nair, P.V.R. 1970. A quantitative 
assessment of the potential fishery resources of the Indiar 
ocean and adjoining seas. Indian J. Anim. Sci. 40; 73-98. 
Qasim, s.z. and Sengupta, R.S. 1980. Present status of pollution 
in India In: "Management of Er.wironment". (Ed). B.Pa tel. 
310-329. 
Reeve, M.R., G.D. Grice, V .R. Gibson, M.A. WaIter, K. Darey 
and T. Ikeda, 1976. A controlled environmental pollution 
experiment (CEPEX) and its usefulness in the study of larger 
marine zooplankton under stress. In: Effects of Pollutants 
on Aquatic Organisms. (Ed). A.P.M. Lookwood, Cambridge 
University Press, 145-162. 
Reeve, M.R. M.A.Walter, K. Darey and J. Ikeda. Evaluation 
of potential indicators of sublethal toxic stress on marine 
zooplankton (feeding, fecundity, respiration and excretion) : 
controlled ecosystem pollution experiment. Bulletin of Marine 
Science, 27, 105-113. 
Roberts, M.J., Diaz, R.J., Bender, M.E. and Hugget, R.J. 1975. 
Acute toxicity of chlorine to selected estuarine species. 
J. Fish. Res. Bd. Can. 32: 2525-2528. 
Russel, F .S.A., A.J. Southward, G.T. Hoalch and E.I. Butler. 
1971. Changes in biological conditions· in the English Channel 
off Plymouth . during the last half century. Nature, Land. 
234, 469-4 70. 
Ryther., J.H. 19S9. Photosynthesis and fish production in the 
sea. Science. N.Y., 1966; 72-76. 
326 BHATTACHARYA 
Sanborn, H.R. and D.C.· Malins. 1977. Toxicity .. and metabolism 
of Naphtalene: a study with marine larval invertebrates. 
Proceedings of the Society for Experimental Biology and 
Medicine, 154, 151-155. 
Singbal, S.Y .S., S. Sanzgiri and R, Sengupta. 1978. Total mercury 
concentration in the Arabian sea waters. Indian J. Mar. 
Sci., 7, 124-126·. 
Skei, J.M., M. Saunders and N.B. Price. 1976. Mercury in plankton 
from a polluted Norweigian Fjord. Mar. Pollut. Bull., 7, 
34-35. 
Sponer, M.F ., and C.J. Corket. ·1974. A r:nethod for testing the 
toxicity of suspended oil droplets on planktonic copepods 
used at Plymouth. In: Ecologica 1 Aspects of Toxicity Testing 
of Oils and :Dispersants. (Eds). L.R. Beynon and E.B. Cowell, 
Applied Science Publishers, U.K. 69-74. 
Stumn, W. and Brauner, P.A. 
"Chemical Oceanography", 
G. Skirr ow., 1973-239. 
197 5. Chemical speciation. In: 
Vol. 1. (Eds). J.P. Riley and 
Tyler, Schroeder, D.B. 1979. Use of the Grass Shrimp (Palaemontes 
pugia) in a Life-CyCle Toxicity Test. Aqua tic Toxicology, 
ASTM STP. (Eds). L.L. Marking and R.A. Kimerle. 
Vaughan, B.E. 1973. Effect~ of oil and chemically dispersed 
oil on selected marine biota - a laboratory study. Battelle 
Pacific Northwest Laboratories Report (Contract 212B00439) 
for American Petroleum Institute Committee on Environment-
al Affairs. (A.P.I. Publication No.4191) 91 p. Washington, 
D.C. 
Wells, P.S. anq Sprague, J.B. 1976. Effects of crude oil on Ameri-
can Lobster (Homarus americanus) larvae in the laboratory. J. 
Fish. Res. Bd. Can. 33; 1604-1614. 
